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Abstract  A simple, sensitive, and selective spectrofluorimetric method has been presented to determine bovine serum 
albumin (BSA) levels using enoxacin (ENX)-aluminium (Al3+) as a fluorescence probe. The fluorescence (FL) intensity of 
ENX was enhanced when Al3+ was added in to the ENX solution through charge transfer reaction and formed a binary 
ENX-Al3+ complex. The FL intensity of the ENX-Al3+ complex was further enhanced in the presence of BSA in 
Briton-Robinson buffer (pH=5.8). Under the optimum condition, the FL intensity was enhanced linearly by BSA 
concentrations in the range of 0.13 to 10.0 ng mL–1. The limit of detection was found to be 0.03 ng mL–1 with the relative 
standard deviation of 1.23% for 5 replicate determinations of 25 ng mL–1 of BSA. In comparison with most of the other 
reported methods, the proposed FL method provides high sensitivity, wide linear range with simple and less expensive 
instruments to determine BSA. 
Keywords  Fluorescence probe, Enoxacin, Aluminium (III), Bovine serum albumin, Charges transfer reaction, High 
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1. Introduction 
Bovine serum albumin (BSA) is a serum albumin protein 

which has abundant biological applications including 
ELISAs (Enzyme-Linked Immunosorbent Assay), 
immunoblots and immunohistochemistry. It is used as a 
nutrient in cell and microbial culture and to stabilize some 
enzymes during digestion of DNA and to prevent adhesion 
of the enzyme to reaction tubes and other vessels. BSA is 
also involved in the transport of a variety of endogenous and 
exogenous substances of the body that plays a vital role in 
the distribution and deposition of these substances [1]. The 
interaction between proteins and various kinds of drugs is 
very important for wide range of pharmacological, biological, 
and clinical applications. Because, when pharmaceutical 
compounds are  absorbed, they  enter into the  circulatory  
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system and widely and reversibly bind to serum albumin [2]. 
Therefore, it is becoming more and more important to 
analyze proteins qualitatively and quantitatively for the 
investigation of proteins and their interaction with drugs. 
The widely used chemical assays to determine protein levels 
are Lowry [2, 3], silver staining method [4], fluorescence 
resonance light scattering (RLS) [5-7], UV–vis absorption 
spectroscopy [8], Fourier transform infrared (FTIR) [9], 
circular dichroism spectroscopy (CD) [10,11], 
chemiluminescence [12, 13], electrochemistry [14, 15], and 
nuclear magnetic resonance (NMR) [16]. However, these 
methods have some limitations such as narrow linear range 
or slower reaction time, limited practical applications, 
complicated as multiple steps are involved and expensive 
instrumentation. 

In order to overcome the above limitations, ligand 
sensitized FL methods using covalent and non-covalent FL 
probes have been extensively examined to determine BSA 
because FL method provides high sensitivity and selectivity 
with simple and inexpensive instrumentation [17-22]. 
Covalent FL probes have many problems arising from 
inadequate chemistry, multiple derivatives and reaction 
conditions although they are suitable for labeling the 
N-terminus or other functional groups of the protein. In 
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contrast, non-covalent FL probes are simple, fast, and less 
expensive which are frequently used to determine protein  
[23, 24]. In the presented FL method, enoxacin-Al3+ has been 
utilized as a FL probe for the investigation and detection   
of BSA levels. Enoxacin (ENX) is a fluoroquinolone 
antibacterial drug containing active group comprised of a 
–COOH, C=O, and a suitable ligand, and forms stable 
complexes with metal ions due to efficient energy transfer 
from the ligand to the metal. In this work, we selected ENX 
as a ligand for the Al3+ ion and investigated the enhancement 
of FL intensity by ENX and BSA. We found that the FL 
intensity of ENX was enhanced when Al3+ ion was added to 
ENX solution by charge transfer, and that this intensity was 
markedly enhanced when BSA was present in the ENX-Al3+ 
solution. Furthermore, FL intensities were enhanced by BSA 
over a wide concentration range in a linear manner with a 
limit of detection at the nanogram level. Based on the above, 
a novel FL method of high sensitivity and selectivity is 
proposed to determine BSA levels in human serum samples. 
In addition, interactions in the FL system are discussed. 

2. Experimental 
Reagents and chemicals: All reagents were of analytical 

reagent grade and were used without further purification. 
Distilled deionised (DI) water (Millipore, Milli Q Water 
System, USA) was used throughout. BSA and ENX were 
purchased from Sigma-Aldrich (St. Louis, USA) and used 
without further purification. Stock standard solution of BSA 
(0.5 mM) was prepared by dissolving BSA in DI water and 
stored at 4°C. Stock solution of ENX (1 mM) was prepared 
in DI water and stored in refrigerator before use. A stock 
solution of AlCl3 (5 mM) purchased from Duksan Pure 
Chemical Co. Ltd. (South Korea) was prepared using DI 
water. Britton-Robinson buffer (0.1 M) solution of pH=5.8 
was used throughout and working solutions were prepared 
by diluting the stock solutions appropriately immediately 
before use. 

Apparatus: All the fluorescence spectra were recorded 
using a spectrofluorimeter (Model F- 4500, Hitachi, Japan) 
equipped with a 450-W Xenon lamp (Model XBO 450 W/1, 
Osram, Germany) as excitation light source and a 
photomultiplier tube (Model R928, Hamamatsu, Japan) 
powered at 950V as the detector. The excitation and 
emission slits were set at 10 nm to measure all the FL spectra. 
pH values were adjusted using a pH meter (Model Orion, 
520A, USA). All the UV-visible spectra were measured 
using a UV-visible spectrophotometer (UV-1800, Shimadzu, 
Japan).  

Experimental procedure: All FL measurements were 
made using the following procedure. To a 10 mL volumetric 
flask, 1 mL of Al3+ solution, 1 mL buffer (pH=5.8) solution, 
and 1 mL ENX solution were added and diluted with 5 mL  
of doubly distilled DI water. The solution was mixed 
thoroughly and allowed to stand for several minutes. Then,  
1 mL of BSA was added to the solution and diluted to mark 

with distilled DI water. The mixture was then allowed to 
stand for about 20 minutes. The solution was then added to 1 
cm quartz cells to measure FL spectra using an emission and 
excitation wavelengths of 409 nm and 274 nm, respectively. 
Excitation and emission slits were set at 5 nm and the 
photomultiplier tube voltage was set at 900 V.  

3. Results and Discussion 
Fluorescence spectral characteristics 

The FL emission spectra of (a) Al3+, (b) BSA, (c) ENX, (d) 
ENX-Al3+, and (e) ENX-Al3+-BSA are shown in Figure 1. 
Al3+ had nearly no emission peak whereas ENX exhibited 
emission at ~409 nm [Figure 1, curve (a, c)]. When Al3+ was 
added to ENX solution, a charge transfer reaction occurred, 

which enhanced the FL intensity of ENX and red shifted to 
428 nm [Figure 1, curve (d)]. These results suggest that ENX 
forms a binary complex with Al3+ and this complex enhances 
the FL intensity of ENX [25]. Furthermore, the FL intensity 
of the ENX-Al3+ system was further enhanced markedly with 
a slight red shift (431 nm) by the addition of BSA [Fig. 1, 
curve (e)], presumably due to an intramolecular energy 
transfer from BSA to ENX-Al3+ [25]. Thus, the results imply 
an interaction between BSA and ENX-Al3+ to form a stable 
ENX-Al3+-BSA complex.  

 

Figure 1.  Fluorescence emission spectra: a) Al3+; b) BSA; c) ENX; d) 
ENX-Al3+; e) ENX-Al3+-BSA. Conditions: [BSA] = 5 ng mL–1; [ENX] = 5 
µM; [Al3+] = 0.06 mM; pH = 5.8; Briton-Robinson buffer=0.1 M; λex = 274 
nm 

In order to investigate the interaction between ENX, Al3+, 
and BSA, the absorption spectra of Al3+, BSA, ENX, 
ENX-Al3+, and ENX-Al3+-BSA were recorded. The spectra 
are shown in Figure 2. ENX exhibited maximum absorbance 
at about 274 nm [Figure 2, curve (3)]. When Al3+ was added 
to ENX solution, the absorbency of ENX was enhanced and 
a blue shift was occurred to 261 nm [Figure 2, curve (4)], 
which suggested that ENX formed a binary complex with 
Al3+ via charge transfer. After the addition of BSA to the 
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ENX-Al3+ system, absorbency was further enhanced and 
slightly blue shifted from 261 to 257 nm [Figure 2, curve (5)]. 
The above results indicate that BSA reacted with ENX-Al3+ 
to form an ENX-Al3+-BSA ternary complex. Furthermore, 
this resulted in an increase in FL intensity of several fold 
(Figure 1), and intensities were found to be linearly 
correlated with BSA concentration. 

 

Figure 2.  Absorption of BSA in different system: 1) Al3+, 2) BSA, 3) ENX, 
4) ENX-Al3+, 5) ENX-Al3+-BSA. Conditions: [BSA] = 25 ng mL–1; [ENX] 
= 5µM; [Al3+] = 0.06 mM; pH = 5.8; Briton-Robinson buffer = 0.1 M 

Energy transfer from BSA to ENX 
The intramolecular energy transfer from BSA to ENX was 

examined using Föster’s non-radioactive energy transfer 
theory [26]. The energy transfer depends upon the extent of 
overlap between the emission spectrum of the donor with the 
absorption spectrum of the acceptor, the relative orientation 
of the donor-acceptor transition dipoles, and the distance 
between donor and acceptor. The overlap between the FL 
emission spectrum of BSA (donor) and the absorption 
spectrum of ENX (acceptor) is shown in Figure 3. The figure 
shows a large overlap between the FL spectrum of BSA and 
the absorption spectrum of ENX. Moreover, the maximum 
donor-acceptor distance was found to be less than 7. The 
result implies that ENX forms a ground complex with BSA 
by non-radioactive energy transfer from ENX to BSA. It can 
be concluded that ENX transfers energy to Al3+ and form an 
ENX-Al3+ complex exhibiting an enhanced FL peak at 428 
nm. ENX can also transfer energy to BSA, and thus, BSA 
forms a stable ternary complex with the ENX-Al3+ system 
and enhances FL intensities. 
Effect of pH and buffer solution 

The pH of a solution plays an important role to enhance 
FL intensity. Thus, the effect of pH on the FL intensity of the 
ENX-Al3+-BSA system was investigated in the range of 4.5 
to 6.5, and maximum FL intensity was obtained at pH 5.8 
and thus, this value was selected for the presented 
experiment. The effect of pH on FL intensity is shown in 
Figure 4. At high pH values, Al3+ hydration results in the 
formation of soluble hydroxo complexes, polycations, and 
hydroxo polymers, which interfere with chelation between 

Al3+ and ENX [25]. Buffer solutions also had a substantial 
effect on FL intensity, and thus, we examined the effects of 
the following buffers: KH2PO4-Na2HPO4, borax-HCl, 
NH4Cl-NH3, Britton-Robinson, KH2PO4–NaOH, and 
tris-HCl. Britton-Robinson buffer at 0.1M exhibited 
maximum FL intensity, and thus, was used in this 
experiment. 

 

Figure 3.  The overlap of the fluorescence spectra of BSA (b) and 
absorption spectra of ENX (a) 

 

Figure 4.  Effect of pH on the FL intensity of ENX-Al3+-BSA system. 
Conditions: [BSA] = 5 ng mL–1; [ENX] = 5µM; [Al3+] = 0.06 mM; 
Briton-Robinson buffer = 0.1 M 

Effect of Al3+ ion concentration 
The effect of Al3+ ion concentration on FL intensity was 

examined in the range of 0.01–0.12 mM. The effect is shown 
in Figure 5. The FL intensity was found to increase with Al3+ 
concentration up to 0.06 mM, and thus, this concentration 
was used to obtain maximum intensity. 
Effect of ENX concentration 

ENX solution might also influence the sensitivity of the 
presented method. Thus, the effect of ENX concentration  
on FL intensity was investigated as shown in Figure 6. 
Maximum FL intensity was obtained at an ENX 
concentration of 5 µM. At concentrations above this level, 
intensities declined due to maximum complex formation of 
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Al3+ with ENX at this concentration leads to fluorescence 
quenching due to electron transfer [25]. Thus, 5 µM ENX 
was chosen for this study.  

 

Figure 5.  Effect of Al3+ concentration on the FL intensity of 
ENX-Al3+-BSA system. Conditions: [BSA] = 5 ng mL–1; [ENX] = 5µM; pH 
= 5.8; Briton-Robinson buffer = 0.1 M 

 

Figure 6.  Effect of ENX concentration on the FL intensity of 
ENX-Al3+-BSA system. Conditions: [BSA] = 5 ng mL–1; [Al3+] = 0.06 mM; 
pH = 5.8; Briton-Robinson buffer = 0.1 M 

Effect of the addition order of reagents 
The addition order of reagents also influenced the FL 

intensity of the system. A series of solutions with different 
addition orders of reagents was investigated and Al3+, 
Britton-Robinson buffer, ENX, BSA order of addition 
produced maximum FL intensities. The chelation reaction of 
this ENX-Al3+-BSA system took ~20 min. at room 
temperature. This meant that in practice FL intensity reached 
a maximum at 20 min. after all reagents had been added and 
then remained stable for at least 2h. 
Effect of interfering substances 

In order to investigate the selectivity of the proposed 
method, the effects of species known to coexist with BSA on 
FL intensity were examined. Accordingly, a set of solutions 
of these species was prepared at different concentrations in 
3.5 ng mL–1 BSA. A foreign species was considered an 

interfering component if it produced a BSA quantitation 
error of > ±5%. Results are summarized in Table 1. However, 
none of the substances examined produce an error of this 
magnitude. 

Table 1.  Tolerance limit of co-existing substances on the determination of 
BSA 

Interfering 
substances 

Maximum tolerable 
concentration ratio 

Change in fluorescence 
intensity (%) 

Ca2+ 2500 +2.90 

Mg2+ 2350 +3.25 
Pb2+ 2000 +1.75 
Zn2+ 1800 -2.10 

Co2+ 1500 +2.50 
Cu2+ 1150 -3.50 
Fe3+ 1200 +1.50 

Cd2+ 1000 -2.30 
Al3+ 1100 -4.50 
Cr3+ 950 +3.20 

SO4
2- 870 -4.50 

NO3
- 650 -2.70 

Cl- 500 -4.70 

L-Cys 350 +2.20 
L-Thr 200 +4.20 
L-Lys 100 -2.30 

L-Phe 50 +2.80 
glucose 40 +3.10 

ascorbic acid 15 -2.10 

4. Analytical Application 
Linear range and detection limit to determine BSA 

Using the above-mentioned optimal conditions, a 
calibration curve of FL intensity vs. BSA concentration in 
the range of 0.13 to 10.0 ng mL–1 (the correlation coefficient 
(r) between the two variables was 0.9981) was plotted. The 
limit of detection (LOD) as defined as recommended by 
IUPAC, LOD=3×Sb/m (where Sb is the standard deviation 
of blank signals and m is the slope of the calibration curve) 
was found to be 0.03 ng mL–1 for BSA. The standard 
deviation (RSD) of the proposed method was 1.15% for 5 
measurements at a BSA concentration of 5.0 ng mL–1.  
Determination of BSA in serum sample 

In order to demonstrate the applicability of the proposed 
method, it was applied to determine BSA concentrations in 
serum sample. The results are listed in Table 2. Fresh serum 
samples were diluted appropriately (10 fold) to obtain a BSA 
concentration within the linear range. Aliquots (1.0 mL) of 
sample solutions were analyzed using the developed method 
according to the standard addition method. The results in 
Table 2 indicated that the developed method is reliable and 
suitable for practical applications with good precision and 
accuracy. Recoveries were found to be in the range 
94.0–107.0% for BSA. 
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Table 2.  Determination of BSA in samples of serum 

Standard addition method 

Sample 
Clinical data 

(mg mL-1) 
Found by the proposed 

method (mg mL-1)±RSDa 
BSA added 
(µg mL-1) 

Found     
(µg mL-1)±RSDa 

Recovery 
(%) 

1 65.50 66.11±1.29 
1.0 
5.0 
10.0 

1.07±0.62 
5.11±1.01 
9.91±1.31 

107.0 
102.2 
99.1 

2 72.25 71.06±0.85 
1.0 
5.0 
10.0 

0.94±1.22 
4.89±1.52 
10.06±0.68 

94.0 
97.8 
100.6 

3 63.50 64.25 
1.0 
5.0 
10.0 

1.04±1.53 
5.09±1.12 
10.11±1.61 

104.0 
101.8 
101.1 

aRelative standard deviation for five replicate measurements.  

 
5. Conclusions 

A sensitive, straightforward, cost effective 
spectrofluorometric method was described based on the 
interaction between BSA and ENX-Al3+ complex for the 
determination of BSA levels in serum. It was found that 
ENX can form complexes with Al3+ and an energy transfer 
occurred from ENX to Al3+, which produced a strong FL 
signal. After the addition of BSA, it can combine with the 
Al3+-ENX binary complex and form the Al3+-ENX-BSA 
ternary complex. ENX can transfer the energy to BSA and 
the FL intensity of Al3+-ENX complex was markedly 
inhibited after the addition of BSA in a linear manner in the 
BSA concentration ranged from 0.13 to 10.0 ng mL–1. In 
particular, the proposed method offers a lower limit of 
detection (0.03 ng mL–1) than previously reported methods, 
and was successfully applied to the determination of BSA in 
serum samples revealing excellent reproducibility and 
accuracy. Furthermore, the described method offers the 
advantages of simplicity, rapidity, sensitivity, and selectivity 
for the determination of BSA.  
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